Summary. Five normally ovulating women were induced to superovulate with pulsatile 'pure' FSH (28 i.u. every 3 h by a s.c. pump), and another 5 women were given an i.m. injection of 10 mg oestradiol benzoate in the late follicular phase. Serum oestradiol concentrations in the luteal phase were similar in both groups and significantly higher than in corresponding control cycles. The luteal phase was of shorter duration in the FSH (11\m=.\2 \m=+-\0\m=.\7 days) than in the control (13\m=.\4 \m=+-\0\m=.\2 days) and the oestrogen\x=req-\ treatment cycles (13\m=.\4 \m=+-\0\m=.\7 days) (P < 0\m=.\05, mean \ m=+-\ s.e.m.). FSH cycles had significantly lower early luteal serum LH (Day 1:5\m=.\3 \ m=+-\ 1\m=.\5 mi.u./ml) and mid-luteal serum progesterone values (35\m=.\4 \m=+-\3\m=.\5 nmol/l) compared with the control (27\m=.\8 \ m=+-\ 5\m=.\8 mi.u./ml and 65\m=.\4\m=+-\5\m=.\7 nmol/l, respectively) and oestrogen treatment cycles (25\m=.\3 \m=+-\ 8\m=.\3mi.u./ml and 59\m=.\1\m=+-\ 8\m=.\4nmol/l, respectively) (P < 0\m=.\05, mean \m=+-\ s.e.m.). These results suggest that, in hyperstimulated cycles, the luteal phase can be disrupted even without follicle aspiration, and that suppression of endogenous LH secretion may be responsible.
Introduction
In spontaneous cycles of women there is debate as to whether the luteal phase after follicle aspiration is deficient, as compared to normal control cycles (Edwards et al., 1980b; Kerin et al., 1981; Garcia et al., 1981) . In cycles induced with clomiphene for in-vitro fertilization (IVF), follicle aspiration does not appear to affect luteal function (Frydman et al., 1982) , but several studies have shown that ovarian hyperstimulation with human gonadotrophins can result in shortening of the luteal phase and reduction of progesterone secretion (Edwards et al., 1980a; Quigley, 1984; Messinis et al., 1986a) . There is therefore continuing doubt as to the occurrence and nature of the luteal effect and whether it is associated with follicle aspiration or with other factors related to multiple follicle development. Some studies have been designed to answer this question (Dlugi et al., 1984) but have been equivocal. Messinis et al. (1986a) induced superovulation with clomiphene plus pulsatile hMG or FSH, and high serum oestradiol concentrations were achieved during the early luteal phase, and these showed inverse relationships with the duration of the luteal phase and pregnanediol excretion. Although these results suggest that oestradiol may be luteolytic in women, the mechanism is not clear.
The present study was designed (1) to investigate the characteristics of the luteal phase in cycles in which superovulation was induced with pulsatile 'pure' FSH and follicle aspiration did not take place, and (2) to examine the effect of exogenous oestrogen on luteal function in spontaneous cycles. and the corresponding control cycles (by ANOVA), although they were lower in the FSH cycles during the last 3 days before the onset of the LH surge (cycle Day 7: 5-5 ± 0-8 and 7-6 + 0-6 mi.u./ml respectively). The endogenous LH surge was markedly attenuated, both in duration and peak levels in 4 of the FSH cycles, as com¬ pared to control cycles, while in the oestrogen cycles the characteristics of the LH surge were similar to those in the control cycles. The cycle day on which the LH surge started did not differ significantly between the control and the oestrogen cycles. However, in the FSH cycles both the onset and the peak of the LH surge were 3 days earlier on average than in the control cycles (Messinis & Templeton, 1986) . Luteal phase (days) Fig. 1 The duration of the luteal phase (mean + s.e.m.) in the FSH treatment cycles (11-2 ± 0-7, range 9-14 days) was significantly shorter than in the corresponding control cycles (13-4 + 0-2, range 13-14cays) (P < 005, paired t test), but did not differ significantly between the oestrogen treat¬ ment (13-4 + 0-7, range 12-16, days) and the control cycles (13-6 + 0-3, range 13-15, days). The duration of the luteal phase was longer than 11 days in only 1 of the 5 FSH treatment cycles. Figure 1( There were no significant differences in serum prolactin concentrations between the FSH and the control cycles throughout the luteal phase.
Figure 1(b) shows serum oestradiol and progesterone concentrations in Group 2 women. Oestradiol values were significantly higher during the first half of the luteal phase in the oestrogen cycles (Day 1: 1322 + 250 pmol/1) than in the corresponding control cycles (Day 1: 222 ± 56pmol/1; F4 16 = 10-2, < 001, by ANOVA). Then, serum oestradiol in the oestrogen cycles decreased progressively until the end of the luteal phase. In contrast to this, serum oestradiol concentrations in the control cycles increased significantly and reached a peak on Day 8 (528 + 89 pmol/1) ( < 0001, paired t test), decreasing progressively thereafter until menstruation. Serum progesterone levels did not differ significantly between the control and the oestrogen cycles throughout the luteal phase. Peak progesterone values were achieved in both cycles on Day 7 of the luteal phase (65-5 + 6-9 and 591 + 8-4 nmol/1, respectively).
Mean ( +s.e.m.) serum oestradiol concentrations in the FSH treatment cycles of the first group and in the oestrogen cycles of the second group followed the same pattern of decline throughout the luteal phase and did not differ significantly between the two groups at any point (Fig. 1) . Figure 2 shows serum LH concentrations during the luteal phase in the FSH treatment cycles, the oestrogen cycles and the control cycles. All 10 control cycles were combined since there was no significant difference between the two groups of women throughout the luteal phase (by ANOVA). Serum LH concentrations were significantly higher in the oestrogen and the control cycles than in the FSH cycles from Day 1 (25-3 + 8-3, 27-8 + 5-8 and 5-3 + 1-5 mi.u./ml, respectively) to Day 6 of the luteal phase (10-6 + 2-7, 9-0 + 3-3 and 2-6 + 0-3 mi.u./ml, respectively) (P < 005).
Thereafter LH concentrations did not differ significantly among the three groups.
Discussion
This study shows that, in women stimulated with pulsatile FSH, a shortening of the luteal phase and reduction of progesterone secretion can occur, as compared to spontaneous cycles. This suggests a degree of disruption of the luteal phase even without follicle aspiration, and appears to be related to the presence of multiple follicles.
In agreement with our previous results (Messinis et ., 1986a) , cycles stimulated with FSH had high serum oestradiol concentrations in the first half of the luteal phase. However, in the present study, high serum oestradiol values in the early luteal phase of spontaneous cycles were not luteolytic. These results suggest that either oestradiol has a luteolytic effect at its site of ovarian production (Karsch & Sutton, 1976) or in spontaneous cycles the newly formed human corpus luteum is refractory to the luteolytic effect of high oestradiol concentrations (Johansson & Gemzell, 1971; Schoonmaker et al., 1981) .
Previous studies in women and monkeys have shown the importance of pituitary LH secretion after ovulation for the maintenance of corpus luteum function (Vande Wiele et al., 1970; Hutchison & Zeleznik, 1984) . In the present study, the low serum LH concentrations during the first half of the luteal phase in the FSH, as compared to control, cycles indicate that in these cycles endogenous LH secretion was significantly suppressed not only during the LH surge (Messinis et al., 1985 (Messinis et al., , 1986b but also after ovulation. The accompanying defect in corpus luteum function in the FSH cycles suggests that LH secretion needs to be maintained at an appropriate level throughout the whole luteal phase if normal function is to be achieved.
Whether the degree of luteal phase disruption seen in the present study can decrease the like¬ lihood of establishing pregnancies is not known. Luteal deficiency has also been reported in hyperstimulated cycles in which ovulation was induced with hCG (Quigley, 1984) , but the optimal dose of mid-cycle hCG which would be adequate to support normal luteal function in hyperstimulated cycles is not known. Previous studies have shown higher pregnancy rates when hCG is given in multiple injections during the luteal phase in cycles after embryo transfer (O'Neill et al., 1985) , as well as in cycles induced with human gonadotrophins in anovulatory women (Brown, 1978; Messinis & Nillius, 1981) .
The present results do, however, exclude the possibility that the alterations in luteal-phase function seen in the FSH stimulated cycles were due to hyperprolactinaemia (Andrews, 1979) .
In conclusion, the present study shows that, in women hyperstimulated with pulsatile 'pure' FSH, luteal function can be disrupted even without follicle aspiration. In spontaneous cycles, high serum oestradiol concentrations in the early luteal phase was not luteolytic. It is suggested that in hyperstimulated cycles suppression of endogenous LH secretion early in the luteal phase is responsible for the disruption of the luteal phase.
